A total of 138,869 lactation milk yields (305 d, milked twice daily, mature equivalent) from the first three parities of 68,063 New York Holstein cows were used to estimate variance components that were due to additive direct genetic effects, cow permanent environmental effects (cow within sire for sire model), sire by herd interaction effects, and cytoplasmic line effects. The original data were assigned to 10 random samples, which were each analyzed using an animal model and a sire model. From each sample of original data, 20 other samples were analyzed with levels assigned randomly to cytoplasmic and interaction effects (data with randomly simulated levels). Ten of those samples were analyzed with an animal model and 10 with a sire model. The models also included fixed effects of herd-year-seasons. For the animal model and sire model, average fractions of phenotypic variance and average standard errors were, respectively, for additive direct genetic effects 0.300 (0.029) and 0.228 (0.040) for original data and 0.325 (0.025) and 0.262 (0.039) for data with randomly simulated levels. For cow permanent environmental effects the respective averages were 0.242 (0.024) and 0.444 (0.014) for original data and 0.235 (0.025) and 0.492 (0.016) for data with randomly simulated levels. The averages for sire by herd interaction effects were 0.015 (0.008) and 0.018 (0.007) for original data and 0.003 (0.007) and 0.004 (0.009) for data with randomly simulated levels. For cytoplasmic line effects, the respective averages were 0.011 (0.007) and 0.043 (0.008) for original data and 0.003 (0.006) and 0.003 (0.007) for data with randomly simulated levels. The differences between estimates of variance components for original data and data with randomly simulated levels suggest that estimates of fractions of total variance caused by sire by herd interaction and cytoplasmic effects estimated with REML may be biased upward by 0.003 to 0.004. (
INTRODUCTION
A successful breeding program depends, for a large part, on accurate evaluation of genotypes of animals utilized as parents of the next generation, and accurate genetic evaluation depends on the model utilized for analysis of the data. According to Southwood et al. (18) , the genetic models underlying performance traits are not fully understood. Traits are generally assumed to be under the control of many genes, each with small additive effects. Analyses with more complex models, including effects of dominance, epistasis, and maternal genetics, have often been prohibited by computational constraints.
The current model for genetic evaluation in the United States accounts only for additive effects of nuclear genes and, therefore, considers the genetic relationships between sires and their offspring and between dams and their offspring to be equivalent. This assumption results in a statistical model that is more operational but possibly less valid than one that considers other genetic effects ( 6 ) .
Van Vleck and Bradford ( 2 0 ) obtained higher heritability coefficients with the daughter-dam regression method than with the paternal half-sib correlation method for milk yield. They hypothesized that the larger estimate from daughter-dam regression may be due to genetic maternal effects. Milk yield, intrauterine environment, and mothering ability in mammals are common components of maternal effects, which may be both genetically and environmentally determined (17) . According to Wagner (22) , another possible source of maternal effects are cytoplasmic effects, especially mitochondrial DNA, which is maternally transmitted. Mitochondria contain their own DNA with inheritance almost exclu-sively from the female parent providing a possible mechanism of cytoplasmic inheritance (13) .
Bell et al. ( 4 ) reported that maternally transmitted cytoplasmic effects appeared to influence production traits of Holsteins from North Carolina. Kennedy (14) , using simulated data, concluded that such estimates of relative variance due to cytoplasmic effects could be due to random genetic drift. Southwood et al. ( 1 8 ) and Salehi and James (16) , using simulated data, showed that in the presence of cytoplasmic or maternal effects estimates of variance due to other effects were biased unless the correct model was used. Schutz et al. (17) , using a least squares analyses, found significant maternal lineage effects for milk yield that explained 4.1 and 3.8% of the total variation for first and second lactations of Holstein cows, respectively. However, with an animal model, the same authors found the contribution of maternal lineage to total variance to be nearly 0 for yield traits. Albuquerque et al. ( 2 ) , in a study of the three first lactations of New York Holstein cows, concluded that cytoplasmic effects were responsible for approximately 1% of the phenotypic variance in milk and fat yields. Boettcher et al. ( 7 ) , with pooled data of Holstein cows from Iowa and North Carolina, concluded that differences between maternal lineages for yield traits were not significant.
Gibson et al. ( 1 2 ) concluded that the predicted breeding values of progeny tested sires would be only slightly affected by the presence of mitochondrial effects. However, Boettcher et al. ( 6 ) suggested that progeny testing programs could be decreased in size by up to 8% by correctly accounting for cytoplasmic effects and by not sampling sons of dams with predicted breeding values biased upward by favorable cytoplasmic effects. Gibson et al. ( 1 2 ) further stated that when selecting dams of commercial cows, the relevant genetic merit should be the sum of the additive and cytoplasmic genetic components. The effects on accuracy of this selection failing to allow for cytoplasmic effects in genetic evaluation does not appear to have been investigated. If maternal lineage effects are substantial, then ignoring them in a national genetic evaluation will decrease selection accuracy. Accurate estimates of the fractions of variance that are due to effects of maternal lineage are needed to assess the potential impact on genetic evaluation (12) . Later Boettcher and Gibson ( 5 ) concluded from analyses of a large set of records that maternal lineage variance was less than 0.5% of the total variance for all traits studied, a fraction which would have no appreciable effect on estimates of breeding value.
The objectives of this study were 1 ) to estimate the importance of bias from REML on estimates of variances that were due to effects such as cytoplasmic line and sire by herd interaction for milk yield, which also tend to have relatively small effects on total variance [e.g., Dimov et al. (9) ]; 2 ) to compare animal and sire models; and 3 ) to compare the standard errors of estimates of relative variance calculated from an average information matrix algorithm [Dodenhoff et al. (10) ] with empirical standard errors calculated from estimates from 10 samples.
MATERIAL AND METHODS
The data were 138,869 lactation milk yields (adjusted to 305 DIM, mature equivalent, and milked twice daily) and comprised the first three lactations of 68,063 Holstein cows in New York freshening from 1980 through 1991. The data were those used by Albuquerque et al. ( 2 ) who described how cytoplasmic line was determined and who had assigned the data randomly to 10 samples (original data = OD) based on the herd code. The summary of the samples is presented in Table 1 .
The 10 OD samples were analyzed using an animal and a sire model, and for each OD, 20 other samples were simulated (with levels assigned randomly to certain effects): 10 to be analyzed with an animal model and 10 with a sire model. The data sets with simulated levels resulted from substituting randomly assigned levels to the records in place of the actual sire by herd combinations and cytoplasmic lines. The random levels were obtained from a uniform distribution bounded by 1 and the number of actual levels. All records of a cow were assigned the same random level for cytoplasmic line and sire by herd interaction effects. Because of the sampling procedure, the numbers of levels randomly assigned were slightly less than the actual number of levels. The number of records and animals were the same as for the OD.
The data were analyzed using a derivative-free algorithm (MTDFREML) developed by Boldman et al. ( 8 ) 1 Number of herd-year-seasons. 2 Means for milk yield (kilograms). 3 Number of levels of SH effects (SH-L) for sample using original data (OD) and mean number for 10 simulated samples for animal model (AM) and sire model (SM). 4 Number of levels of dam lines (DL-L) for sample using OD and mean number for 10 simulated samples for AM and SM. 5 Minimum and maximum levels from 100 simulated samples for AM and SM. number of sire by herd combinations, maternal lines, cows with records, and records, respectively, and A is the matrix of relationships for the animal model. For the sire model, the sires were assumed to be uncorrelated, which is common with sire models even though a slight increase in estimates of heritability is likely when relationships among sires are considered [e.g., (11, 21) ]. The convergence criterion chosen for stopping the search procedure of the simplex algorithm of MTDFREML was when the variance of -2 log likelihoods in the simplex was less than 10 -6 . At apparent convergence, the program was restarted to guard against local rather than global minimization.
The standard errors of the parameter estimates were calculated at convergence from the average information matrix [Dodenhoff et al. (10) ] for all analyses. For comparison, empirical standard errors were calculated from the 10 sample estimates of the original data.
RESULTS AND DISCUSSION
Averages of variance components expressed as ratios to phenotypic variance for both the animal and sire models are presented in Tables 2 and 3 ; the estimates for data with randomly simulated levels analyses from OD are for the same sample. The averages ( Table 4 ) for estimates of proportion of variance due to additive direct genetic effects (and standard errors) for the observed data were 0.300 (0.029) and 0.233 (0.040) and for the simulated data were 0.325 (0.025) and 0.259 (0.039) for animal and sire models, respectively. The sire components of variance were multiplied by four and divided by the sum of variance components to obtain heritability estimates. The average estimates of heritability obtained with the animal model were greater than those obtained with the sire model (Table 4 ) for both the original and simulated data, which is probably because of selection effects on sires. For the observed data, the estimates of heritability by sample ranged from 0.240 (0.027) to 0.340 (0.031) for the animal model (Table  2 ) and 0.168 (0.036) to 0.288 (0.040) for the sire model (Table 3) . For the averages of 10 analyses of simulated data of each OD set, the range was from 0.292 (0.023) to 0.351 (0.026) for the animal model 1 and their standard errors for milk yield using an animal model for 10 samples of the original data (OD) and for the corresponding means from 10 sets of simulated levels (SL).
1 g 2 = Genetic effects, pe 2 = permanent environmental effects, sh 2 = sire by herd interaction, c 2 = cytoplasmic line, e 2 = temporary environmental effects, and s 2 = phenotypic variance (kg 2 /1000). 2 Minimum and maximum from 100 analyses of simulated data. (Table 2 ) and 0.204 (0.036) to 0.340 (0.040) for the sire model (Table 3) . These estimates are similar to those reported previously [e.g., (1, 9, 15, 19, 20, 22) ]. Albuquerque et al. ( 2 ) , from analyses of the same 10 OD sets used in this study, obtained estimates from 0.278 to 0.326 with an average of 0.298 using different animal models. The averages (Table 4 ) for estimates of the proportions of phenotypic variance that were due to random permanent environmental effects of cows and due to cow within-sire effects were 0.242 and 0.444 for OD and 0.235 and 0.492 for the simulated data of the animal and sire models, respectively. The estimates ranged from 0.210 to 0.280 and from 0.400 to 0.490 for OD and from 0.207 to 0.278 and from 0.474 to 0.509 for the averages of samples of simulated data for the animal and sire models, respectively.
The averages for estimates of the variance of sire by herd interaction effects as a fraction of total phenotypic variance were 0.015 (0.008) for the animal model and 0.018 (0.007) for the sire model for OD and 0.003 for the animal model and 0.004 for the sire model for the simulated data (Tables 2 and 3) , which were five to six times greater for OD than for the simulated data, respectively. For the observed data, the fractional estimates ranged from 0.005 to 0.025 for the animal model and from 0.011 to 0.068 for the sire model and for the simulated data ranged from 0 to 0.004 for the animal model and 0.002 to 0.004 for the sire model (Tables 2 and 3) . These results are similar to those of Dimov et al. ( 9 ) , who from analysis of data from California, New York, and Pennsylvania, reported relative estimates of 1.5% for the first lactation and 1.9% when considering all lactations, and of Albuquerque et al. ( 2 ) , who reported estimates ranging from 1.6 to 1.8%. With a sire model, Banos and Shook ( 3 ) reported estimates of 1.84, 2.11, and 3.0%, respectively, for the first, second, and third lactations, which are greater than the estimates obtained for the current study.
The averages for variance due to cytoplasmic line effects as a fraction of phenotypic variance for the observed data were 0.011 (0.007) for the animal model and 0.043 (0.008) for the sire model and for the simulated data were 0.003 (0.006) for the animal model and 0.003 (0.007) for the sire model (Table 4) . The average estimate was three times greater for the sire model than for the animal model for the observed TABLE 3. Estimates of phenotypic variance and fractional components of variance 1 and their standard errors for milk yield using a sire model for 10 samples of the original data (OD) and for the means from 10 sets of simulated levels (SL). 1 s 2 = Sire transmitting ability, (c/s) 2 = cow within sire for sire model, sh 2 = sire by herd interaction, c 2 = cytoplasmic line, e 2 = temporary environmental effects, and s 2 = phenotypic variance (kg 2 /1000). 2 Minimum and maximum from 100 analyses of simulated data. data but was the same for the simulated data. For 7 of 10 OD sets, the fraction of variance that was due to cytoplasmic line effects was from 5 to 6% for the sire model ( Table 3 ). The reason for the higher estimate with a sire model may be due to not considering relationships among cows. Estimates ranged from 0.000 to 0.032 for the animal model and from 0.011 to 0.068 for the sire model for the observed data. For the simulated data, estimates were from 0.000 to 0.004 for the animal model and 0.002 to 0.004 for the sire model (Tables 2 and 3 ). The average estimate for the observed data with the animal model is the same as the average obtained by Albuquerque et al. ( 2 ) for the same data set, using six different animal models. This result is similar to other reports (14, 18) but does not agree with the report of Schutz et al. (17) , who reported variance of cytoplasmic line effects equal to 0 for milk yield. The estimate (4.3%) from the observed data with the sire model is almost four times greater than that obtained with the animal model and more than three times greater than the highest estimate reported for milk yield based on the animal model. The estimates of 0.3% for the simulated data using both animal and sire models appear to agree with Gibson et al.
( 1 2 ) that the limit for the cytoplasmic line effect contribution for total variance is about 0.5%. However, standard errors that are higher than the estimate for the parameter suggest that estimates will not be consistently near 0.5%. The estimates of the proportion of variance due to residual effects relative to the phenotypic variance were similar for observed and simulated data and for animal and sire models as were estimates of phenotypic variance (Tables 2, 3 , and 4).
The average standard errors obtained from the average information matrix (Table 4 ) were, for practical purposes, generally similar to the empirical standard errors calculated from the 10 samples for the original data analyses. The average standard errors obtained from the average information matrix were similar for the original and simulated data.
CONCLUSIONS
The difference between estimates from analyses with original data and with simulated assignment of levels of cytoplasmic and interaction effects suggests for effects with relatively small variance that the upward bias that was due to REML estimates being forced to be positive may be 0.3 to 0.4% of total variance. The fractional estimate for variance of cytoplasmic effects with a sire model was almost four times greater than with an animal model, which may indicate an inadequacy of the sire model to separate cytoplasmic from other effects. The estimate of either the fraction of variance due to cytoplasmic effects (1.1%) or the fractional variance adjusted for a bias of 0.3% suggests that cytoplasmic effects with an animal model are not an important source of variation for milk yield. The random assignment of levels to cytoplasmic and interaction effects, however, increased the estimate of additive genetic variance with no reduction in variance caused by temporary environmental effects. This increase indicates that variance caused by cytoplasmic or sire by herd interaction effects is partitioned to the component associated with additive genetic effects.
The technique of sampling the data seems to give standard errors of fractional variance that are of similar magnitude to standard errors obtained from the average information matrix.
